Abstract: Schizophrenia is the eighth leading cause of disability worldwide in people aged 15-44 years. Before antidopaminergic antipsychotics were introduced in the 1950s, no effective medications existed for the treatment of schizophrenia. This review summarizes key metaanalytic findings regarding antipsychotic efficacy in the acute treatment of schizophrenia, including clozapine in treatment-resistant patients. In the most comprehensive meta-analysis of randomized controlled trials conducted in multi-episode schizophrenia, antipsychotics outperformed placebo regarding total symptoms, positive symptoms, negative symptoms, depressive symptoms, quality of life and social functioning. Amongst these outcomes, the standardized mean difference for overall symptoms was largest, that is, 0.47 (95% credible interval = 0.42-0.51), approaching a medium effect size, being reduced to 0.38 when publication bias and small-trial effects were accounted for. A comparison of two meta-analyses indicated that firstepisode patients, compared with multi-episode patients, were more likely to have at least minimal treatment response [⩾20% Positive and Negative Syndrome Scale (PANSS)/Brief Psychiatric Rating Scale (BPRS) score reduction: 81% versus 51%] and good response (⩾50% PANSS/BPRS score reduction: 52% versus 23%). In multi-episode schizophrenia, no response or worsening after 2 weeks of a therapeutic antipsychotic dose was highly predictive of not achieving a good response at endpoint (median treatment = 6 weeks: specificity = 86%; positive predictive value = 90%), suggesting a change in treatment should be considered in such cases. In first-episode psychosis, adequately dosed antipsychotic treatment trials for more than 2 weeks are recommended before using no response or worsening as a decision point for aborting a given antipsychotic. In clearly defined treatment-resistant schizophrenia, clozapine generally outperformed other antipsychotics, especially when dosed appropriately (target = 3-6 months' duration; trough clozapine level ⩾350-400 μg/L) with a response rate (⩾20% PANSS/BPRS) of 33% by 3 months of treatment. High antipsychotic doses and psychotropic combinations are unlikely to be superior to standard doses of antipsychotic monotherapy. Acute antipsychotic efficacy in schizophrenia depends on the targeted symptom domain (greater efficacy: total and positive symptoms, lesser efficacy: negative symptoms, depressive symptoms, social functioning and quality of life). Greater antipsychotic efficacy is associated with higher total baseline symptom severity, treatment-naïveté/first-episode status, shorter illness duration, and trials that are nonindustry sponsored and that have a lower placebo effect. The heterogeneity of antipsychotic response across individuals and key symptom domains, the considerable degree of nonresponse/treatment resistance in multi-episode patients, and the adverse effect potential of antipsychotics are major limitations, underscoring the need to develop new medications for the treatment of schizophrenia. Drug development should include matching patient subgroups, which are identified by means of clinical and biomarker variables, to mechanisms of action of novel medications, targeting specific symptom domains, and investigating mechanisms of action other than dopaminergic blockade.
Introduction
Schizophrenia is a common and serious psychiatric illness. The lifetime risk is approximately 1%. 1 The morbidity, mortality and impact on quality of life are considerable and the illness has high economic costs for society. The World Health Organization (WHO) ranked schizophrenia as the eighth leading cause of disability worldwide in the age group 15-44 years. 2 Data for 2013 estimated the total economic costs of the illness in the United States at $155.7 billion. 3 The largest components were unemployment (38%), productivity loss associated with caregiving (34%), and direct health care costs (24%).
The longitudinal course following a first psychotic episode is highly variable, as shown by the AESOP-10 study, a multicentre 10-year follow up of a cohort of 557 people with first-episode psychosis in the UK. 4 The two extremes in course were represented by 23% of participants who had continuous symptoms over the 10-year follow-up period and 13% of participants whose symptoms remitted within 6 months of first contact and who remained symptom free throughout follow up. Between these two extremes were the majority of individuals who had a relapsing course, that is, they experienced at least one remission but one or more relapses.
Chlorpromazine was the world's first antipsychotic drug. It was synthesized in 1950 by the French pharmaceutical company Rhône-Poulenc and introduced into clinical practice in France in 1952. 5 Since that time, new antipsychotics have regularly been introduced. To date, all share the ability to block D2 receptors and reduce postsynaptic dopamine transmission. With the exception of clozapine, which is more effective in treatmentresistant schizophrenia, differences in efficacy between individual antipsychotic drugs are relatively small, at least at group levels. 6 In contrast, there are major differences between antipsychotics drugs in risk of individual side effects. 6 This paper reviews the efficacy of antipsychotics in acute schizophrenia. The reviewed data reflect the authors' knowledge of the literature, with the emphasis being on data from recently published, high-quality meta-analyses. By acute efficacy we refer to the benefits of antipsychotics as demonstrated in short-term clinical trials, typically 6-12 weeks in duration. Acute effectiveness in real world clinical practice is influenced by many additional factors, including therapeutic alliance, adherence and substance misuse, which are outside the remit of this paper. Antipsychotics are also effective in reducing the risk of relapse in schizophrenia, 7 an area that is due to be reviewed in a forthcoming paper in the journal. 8 Efficacy, acute or long term, needs to be balanced against the adverse effects of medication, an area outside our remit. The adverse effect profiles of antipsychotics differ markedly and there is high-quality meta-analytic evidence to assist patients and clinicians select antipsychotics according to the likelihood of specific adverse effects occurring. 6, 9 We start by reviewing some of the early placebo-controlled trials of antipsychotics conducted in the 1960s before moving on to consider recent meta-analyses of antipsychotic treatment in first-episode and multi-episode patients. We then consider the efficacy of pharmacological strategies when there has been limited response to antipsychotics before considering clozapine in treatment-resistant schizophrenia, as well as opportunities for future research and drug development.
Early trials of antipsychotics in schizophrenia
Chlorpromazine entered clinical practice in 1952 without any supporting clinical trials having been conducted. Contemporary accounts from the 1950s indicate that clinicians were impressed by its benefits, first recognizing the tranquilizing and later the antipsychotic effects, and it was felt that a new era of treatment was starting. 10 Other antipsychotics followed, including haloperidol, synthesized in 1958. During the 1950s, case reports and noncontrolled studies supporting the effectiveness of various antipsychotics were published. 10, 11 However, it was not until the early 1960s that the results of sufficiently large, doubleblind, placebo-controlled, randomized trials of antipsychotic treatment were published. These were highly supportive. [12] [13] [14] In 1960, a Veteran Administration study was published showing that chlorpromazine was superior in reducing overall symptoms versus placebo, phenobarbital (an active control) and promazine over a 12-week period in the treatment of male inpatients with chronic schizophrenia. 12 The average patient in the study had been ill for 10 years and hospitalized for over 7 years. Soon thereafter, a further study was published comparing four phenothiazine antipsychotics to both an inert and an active placebo in male and female inpatients over 8 months of treatment. 13 All patients had been hospitalized for 2-10 years. All four phenothiazines were superior to the two placebos in reducing overall symptoms. The phenothiazine-treated group was also superior to the placebo-treated group in clinicians' ratings of the proportion of patients who had improved (48% for antipsychotics; 6% for the combined placebo group) and who were deemed suitable for discharge when the study ended and blinding was broken (36% antipsychotics versus 5% placebo).
In 1964, the National Institute of Mental Health (NIMH) Psychopharmacology Service Center Collaborative Study Group showed the benefits of antipsychotics in inpatients with acute schizophrenia. 14 The study recruited 463 individuals, newly admitted to one of nine hospitals in the United States, half of whom were treated for their first episode. They were randomized to placebo or one of three antipsychotics (chlorpromazine, thioridazine or fluphenazine). After 6 weeks, the proportion of patients who showed a marked to moderate degree of improvement was 75% for those who received antipsychotic treatment and 23% for those who received placebo. There were no significant differences in efficacy between the three antipsychotics assessed. The striking benefit of antipsychotic treatment in this study partly reflects the high proportion of patients included with first-episode psychosis, a group now known to be more responsive to antipsychotics than those with multi-episode psychosis. 15 The NIMH study showed that antipsychotics were effective in treating a wide range of symptoms of schizophrenia, including auditory hallucinations, ideas of persecution, hebephrenic symptoms, incoherent speech, irritability and hostility; that is, their benefit was not confined to treating overactivity and behavioural disturbances.
Acute antipsychotic efficacy in first-episode schizophrenia A systematic review by Zhu and colleagues assessed response rates of first-episode patients with schizophrenia in randomized trials of antipsychotics. 16 Blinded and open-label randomized studies were included. In total, 17 studies were included (n = 3156 participants). A weakness of the evidence base was that the systematic review did not identify any placebo-controlled trials. This absence is a major omission in the literature. However, conducting a placebo-controlled trial in first episode psychosis presents significant ethical issues; the relatively short duration of illness would mean that associated risks (e.g. self harm, aggression, self neglect) would often be less clear than in a person who had a chronic illness with well documented previous episodes of psychosis. Furthermore, delaying effective treatment (i.e. extending the duration of untreated psychosis) has been associated with poorer symptomatic and social outcomes and would go against the ethos of early intervention services. The primary outcome for the metaanalysis was the change in the total score on the Positive and Negative Syndrome Scale (PANSS), or if this was not available, the change in the score on the Brief Psychiatric Rating Scale (BPRS), or if neither scale was used, then the score or another rating scale for symptoms of schizophrenia. Two definitions of response were used, namely those who achieved a reduction of at least 20% on the PANSS/BPRS from baseline to endpoint and those who showed a reduction of at least 50% on the PANSS/BPRS. This decision is supported by earlier work that showed that a 20% PANSS/ BPRS reduction approximates to minimal improvement on the Clinical Global Impressions (CGI) scale, and a 50% PANSS/BPRS reduction approximates to much improved on the CGI. [17] [18] [19] On average, 81% of the first-episode patients showed at least a 20% PANSS or BPRS reduction from their baseline score and when the more rigorous 50% reduction criterion was applied this reduced to 52%. 16 These rates are considerably higher than the comparative rates seen in patients with chronic schizophrenia with 51% achieving at least a 20% PANSS/BPRS reduction and 23% achieving at least a 20% PANSS/BPRS reduction from baseline. 9 The researchers used metaregression to investigate the effect of potential moderators on response in first-episode patients. Being female, antipsychotic naïve (Figure 1 ), more severely ill and having a shorter duration of illness at baseline were each significantly associated with a higher response rate. 16 Response rate was also higher in open versus blinded studies, but this just missed statistical significance (57% versus 48%; p = 0.06). A better response in female patients 20 and more severely ill patients 21 (see below) has been reported in other analyses. The higher response rate in antipsychotic-naïve patients may be because prior antipsychotic treatment has reduced baseline symptom severity, thereby reducing the scope for further improvement with the antipsychotic being assessed. The better outcome in those with a shorter illness duration may reflect illness duration acting as a marker for duration of untreated psychosis (DUP) (i.e. the time between the onset of the first psychotic episode and the start of first adequate treatment). However, this is speculative, as DUP per se could not be analysed in this meta-analysis since the individual studies rarely reported it. Nevertheless, many studies have shown that a longer DUP is significantly correlated with poorer symptomatic as well as functional outcomes in the short and long term, although the relationship is strongest for short-term outcomes. [22] [23] [24] [25] A related systematic review investigated the efficacy and tolerability of 12 individual antipsychotics in the first episode of schizophrenia. 26 In this network meta-analysis, haloperidol was inferior to several second-generation drugs in terms of overall symptom reduction and all-cause discontinuation. There was little difference between second-generation antipsychotics in terms of efficacy. The quality of evidence was generally low. The authors recommended that medication should be selected primarily by the different side effect profiles of antipsychotics. The relative risk of a range of antipsychotic side effects has been established in an earlier and larger network metaanalysis in patients with chronic schizophrenia. 6 Efficacy of antipsychotics versus placebo in multi-episode patients In this section, we focus on a systematic review by Leucht and colleagues, which includes the most comprehensive meta-analysis of double-blind, randomized, placebo-controlled oral antipsychotic drug trials in acute schizophrenia. 9 The review was restricted to trials in adults with an acute exacerbation of schizophrenia or related disorders; that is, schizoaffective disorder, schizophreniform disorder and delusional disorder. It is worth noting that this entry criterion would encompass chronically ill patients who experience an exacerbation of psychosis as well as patients with an acute relapse following various degrees of remission. It is unclear to what degree these groups differ in terms of treatment response. Similarly, the pooling of patients with schizophrenia and related disorders does not allow investigation of whether diagnosis alters treatment response. However, it is common practice for meta-analyses, and individual clinical trials, of treatment in 'schizophrenia' to also include people with schizoaffective disorder, schizophreniform disorder and delusional disorder. The minimum trial duration was 3 weeks. All antipsychotics licensed in at least one country were considered with the exception of clozapine. Trials of antipsychotic long-acting injections and short-acting intramuscular antipsychotics were also excluded. As with the meta-analysis in first-episode schizophrenia discussed in the previous section, 16 outcome was response rate defined as either at least a 20% or at least a 50% reduction in the PANSS or BPRS total score from baseline. The authors referred to these two outcomes as representing a 'minimal' and 'good' response, respectively.
The analysis included 167 randomized controlled trials (RCTs) published between 1955 and 2016 Figure 1 . Antipsychotic response rate in studies in first-episode psychosis: studies in antipsychotic naïve patients versus studies that allowed pretreatment (p = 0.004) (data from Zhu et al. 16 ).
(n = 28,102 participants). 9 The mean age of participants was 38.7 years and the mean duration of illness was 13.4 years. The analysis did not include any studies that exclusively recruited patients with a first episode of psychosis (no such studies were identified in the systematic review). Therefore, the placebo-controlled findings relate to patients with multi-episode schizophrenia. The median duration of the studies was 6 weeks (range = 3-28 weeks). About half the studies, for which sponsorship could be identified, were industry sponsored.
The standardized mean difference (SMD) size for overall symptoms was 0.47 (95% credible interval = 0.42-0.51), which approaches the conventional threshold for a medium effect and was equivalent to a reduction in the PANSS of 9.6 points. The SMD reduced to 0.38 when publication bias and small-trial effects were accounted for. The SMD for positive symptoms was comparable to that for total symptoms and greater than for depressive or negative symptoms ( Figure 2 ). Antipsychotics also showed a benefit, similar in magnitude to negative symptoms, in improving quality of life data and social functioning ( Figure 2 ), outcomes that are highly relevant to patients. A multivariate meta-regression investigated trial characteristics that could predict drugplacebo differences. This analysis showed that the only independent moderators of greater antipsychotic efficacy were nonindustry sponsorship and smaller placebo response, both of which were associated with greater efficacy. Importantly, the placebo effect was shown to have increased over time while antipsychotic response had remained unchanged over time (12.2-point versus 1.2-point increase over 45 years of study conduct). Table 1 shows the percentage of patients in the antipsychotic-and placebo-treated groups who were responders, according to two definitions, as well as those leaving the study for any reason or inefficacy. It is sobering that only a minority of those treated with antipsychotics achieved a good response [23% for antipsychotics versus 14% for placebo; number needed to treat (NNT) = 8]. Those treated with antipsychotics were significantly more likely to experience movement disorders, sedation, weight gain, prolactin increase and QTc prolongation than those treated with placebo. 9 Effect of illness severity on antipsychotic efficacy Furukawa and colleagues conducted a meta-analysis to examine the effect of baseline severity of both positive and negative symptoms on the efficacy of antipsychotic drugs. 21 Individual-level data from three placebo-controlled trials in acute schizophrenia (n = 611) and three trials in patients with predominantly negative symptoms of schizophrenia (n = 475) were analysed. The main outcome was change on the PANSS and the Scale for the Assessment of Negative Symptoms (SANS) from baseline up to 6 weeks later. The relationship between the baseline score and change scores for the drug-treated and placebotreated patients was examined using a series of mixed-effects models. The best-fitting models showed that greater baseline severity was significantly (p < 0.01) associated with a greater magnitude of differences between active treatment and placebo. This relationship was seen for both change in the PANSS (Figure 3 ) and the SANS in those with predominantly negative symptoms (Figure 4) . A higher antipsychotic response rate in more severely ill patients has been reported in other meta-analyses, including in first-episode studies discussed earlier. 16 In summary, antipsychotics can benefit patients throughout a spectrum of illness severity, but the benefits are greatest in the most severely ill. Nevertheless, symptom improvement does not mean that the patient is well. Since response is a relative measure, more severely ill patients may improve more, but may still not reach the absolute threshold remission, 15 defined as no more than mild positive Figure 3 . Estimated mean differences in Positive and Negative Syndrome Scale (PANSS) change scores by baseline illness severity (based on best-fit model and data from a participant-level meta-analysis of placebocontrolled studies in acute schizophrenia conducted by Furukawa et al. 21 ). and negative symptoms maintained for at least 6 months. 27 Thus, even in acute studies, cross-sectional remission should also be considered.
Time course of antipsychotic response
For decades it was believed that antipsychotics had a delayed onset of action. In 2003, a metaanalysis by Agid and colleagues, 28 assessing response over 4 weeks of antipsychotic treatment, showed that this was incorrect and that the reduction in PANSS/BPRS scores seen during the first 2 weeks of treatment (21.9%) was significantly greater than the improvement seen in the third and fourth weeks (9.8%). This finding has been confirmed by many studies since, but inconsistencies in methodology, in particular in defining early and late response, have prevented this research from being translated into clear guidance for clinicians. Given this, it is not surprising that clinical guidelines produced by different organizations vary in their recommendations as to how long a trial of antipsychotic medication should continue before consideration is given to switching.
Trying to provide clarity in answering this question, Samara and colleagues conducted a diagnostic test meta-analysis using data from 34 antipsychotic trials in individuals experiencing an acute exacerbation of schizophrenia (n = 9460). 29 In most cases, individual patient data were analysed. The investigators determined whether lack of improvement at week 2 predicted future nonresponse. Lack of improvement at 2 weeks was defined as less than 20% PANSS or BPRS improvement from baseline. This approximates to a rating of less than minimal improvement made by clinicians using the CGI scale; that is, no improvement or worsening. 'Later nonresponse' was defined as less than 50% reduction in total score on either PANSS or BPRS from baseline to endpoint. The corollary of this (i.e. ⩾50% improvement in PANSS/BPRS) approximates to a CGI rating of much improved; that is, a robust clinically meaningful change. If possible, a 6-week endpoint was used (range = 4-12 weeks). When data from fixed dose studies were used, only those which related to at least a minimal therapeutic dose were analysed.
The analyses confirmed that less than minimal improvement after 2 weeks predicted future nonresponse at endpoint (4-12 weeks), with a specificity of 86% and positive predictive value of 90%. In other words, of 100 patients who show no improvement at week 2 (<20% PANSS or BPRS score reduction), 90 patients will fail to show much improvement at endpoint (<50% PANSS or BPRS score reduction). Conversely, of 100 patients who show at least minimal improvement at week 2 (⩾20% PANSS or BPRS score reduction), 86 patients will also show much improvement at endpoint (⩾50% PANSS or BPRS score reduction). Three independent factors increased the specificity of the diagnostic test: keeping the duration of the treatment trial shorter, that is, 4 compared with 6 weeks or longer (p = 0.0005); greater illness severity at baseline (p = 0.0001); and a shorter duration of illness (p = 0.02).
Patient age, sex, whether patients had first-episode or multi-episode psychosis, antipsychotic class (first versus second generation) and whether a fixed or flexible dosing schedule was employed were all nonsignificant in affecting the results.
The diagnostic test remained accurate when it was applied to data for individual drugs, namely amisulpride, haloperidol, olanzapine and risperidone. The consistency of the results, despite the pharmacological differences between these drugs, suggests that the results can be generalized to other antipsychotics.
Although all of the meta-analysed trials based their analyses on PANSS or BPRS score ratings, scales that are not used in clinical care, the approximations to the CGI make these results clinically relevant. Furthermore, one study conducted in adolescents with schizophrenia-spectrum disorders using the CGI, without rating any other psychopathology scale, had similar predictive results in patients showing less than minimal improvement for ultimate nonresponse, defined as not reaching much or very much improved status. 30 Taken together, these results imply that a switch of antipsychotic should be considered if there has been no response that meets the clinical eye after 2 weeks of antipsychotic treatment at a therapeutic dose. This strategy would prevent patients from undergoing further treatment with an antipsychotic that is unlikely to benefit them, but that may lead to new or ongoing adverse effects. Earlier switching could also identify treatment resistance sooner and reduce the delay before patients are offered a trial of clozapine. However, there are three important caveats to adopting the 2-week test in clinical practice, two of which were highlighted by the authors of the meta-analysis. 29 First, there were only six studies in first-episode patients and one study in treatment-resistant patients. Therefore, this diagnostic test is most appropriate for multi-episode patients and should not be applied to those who are in their first episode or are treatment resistant, in whom longer periods may be required to reliably predict ultimate nonresponse. Several individual studies suggest that the time course of response in first-episode 31, 32 and treatment-resistant patients 33 differs to that seen in patients with chronic disease, with both populations possibly including relevant subgroups who show a later treatment response, arguing that longer treatment trials are needed until 'early' nonresponse triggers a change in treatment. Clearly, additional studies on the time course of antipsychotic nonresponse are needed in these subpopulations to guide clinical practice.
The second caveat when interpreting the 2-week nonresponse test is to ensure that the 2-week trial has allowed treatment with a sufficiently high dose of antipsychotic. Most of the trials included in the meta-analysis by Samara and colleagues 29 adopted a rapid titration schedule enabling target doses to be reached within 3 days. In routine clinical practice, doses of antipsychotics are often titrated more slowly in an attempt to improve tolerability or because clinical pressures mean a patient's medication is reviewed less frequently than is ideal, or because a patient is followed in an ambulatory setting. Samara and colleagues highlight that the 2-week trial should be interpreted as 2 weeks of treatment at target doses or 'even near the upper limits of these ranges'. A Delphi international survey of international experts has generated recommended target dose ranges for most antipsychotic drugs that can be referred to (see Table 2 for examples). 34 The third caveat is that nonadherence to antipsychotics is a common problem in schizophrenia 35, 36 and before making any assumptions about the efficacy of an antipsychotic trial, it is essential to ensure that there has been adequate adherence. In other words, one needs to differentiate between nonadherence and nonresponse.
Acute efficacy of pharmacological strategies following antipsychotic nonresponse
A key clinical question is not only how to determine when an antipsychotic trial has failed (see section above), but also what to do in this case. Limited space means we only review this area briefly. A first step is to assess adherence, the duration of previous treatment trials and to identify any reversible factors that may be driving the psychosis, for example substance misuse or psychosocial stressors that may be amenable to psychosocial intervention. 37 Pharmacological strategies commonly adopted following an inadequate antipsychotic response include dose increase, switching and combination strategies.
There is no convincing evidence that doses of antipsychotic drugs higher than the maximum licensed dose are more effective than standard doses. 38 Indeed, for many antipsychotics the near-maximal effective dose (i.e. the threshold dose necessary to produce all or almost all the clinical responses for each drug) is lower than the maximum licensed dose, at least in patients enrolled in clinical trials. 39 Switching is widely used in clinical practice where it often appears effective. However, this impression could partly reflect expectation bias, or the natural fluctuation in the clinical course of schizophrenia. Switching has not been adequately investigated by RCTs. Of published studies, probably the most robust is a study by Kinon and colleagues, 40 in which patients who had not responded to 2 weeks of treatment with risperidone were randomised to either continue risperidone or switch to olanzapine for a further 10 weeks. Those who responded to risperidone at 2 weeks continued risperidone. Among the early nonresponder group, switching from risperidone to olanzapine led to a small but significantly greater reduction in PANSS total score and also in depressive symptoms at end point. Efficacy in the switch arm was higher in those who were at least moderately ill at the time of the switch. The SWITCH 41 and OPTiMiSE (Optimization of Treatment and Management of Schizophrenia in Europe) 42 studies are two large-scale RCTs that have been undertaken to investigate switching strategies in patients who have not shown an early response to antipsychotic treatment. At the time of writing the results were not available.
Given the limited effectiveness of antipsychotics in schizophrenia, various psychotropic medications have been added to antipsychotics to try and enhance their effectiveness. This is referred to as combination or augmentation treatment. This approach is common in clinical practice both for antipsychotic cotreatment (i.e. combining two antipsychotics) and for combinations involving adding a nonantipsychotic medication to an antipsychotic. For example, the median prevalence of antipsychotic polypharmacy (i.e. the concomitant use of ≥2 antipsychotics) was 19.6% based on pooled data from 147 studies published between 1970 and 2009. 43 A recent systematic review of reviews identified 29 meta-analyses with 381 individual trials and 19,833 participants that compared the efficacy of an antipsychotic combined with another antipsychotic or 41 other nonantipsychotic drugs versus placebo or antipsychotic monotherapy. 44 Although 14 different combination strategies significantly improved ratings of overall symptoms compared with monotherapy with a non-clozapine antipsychotic and six strategies were superior for positive symptoms, and although effect sizes for superiority ranged from small (0.2) to large (⩽1.3), study quality was generally not high and the effect sizes were inversely correlated with study quality. Taking the results of the individual study quality and cohesiveness of the results into account, overall the authors concluded that no single combination strategy had sufficient high-quality evidence that it could be recommended.
Efficacy of clozapine in treatment-resistant schizophrenia
Clozapine was synthesized by the Swiss pharmaceutical company Wander in 1956 but did not become available clinically until 1972 when it was launched in Europe. The delay has been attributed to its lack of extrapyramidal side effects leading some to doubt it was an effective antipsychotic. 45 This view reflected a common opinion at the time that extrapyramidal side effects and antipsychotic efficacy were closely linked, something now known to be incorrect. The delay is also likely to have reflected concerns about clozapine's ability to cause hypotension and seizures. In 1975, a series of cases of agranulocytosis, some fatal, were reported in elderly patients treated with clozapine in Finland. 46 This led the then manufacturer, Sandoz, to voluntarily withdraw clozapine from the market. Over 10 years later, prompted by clinicians who argued that clozapine had been particularly beneficial, a well designed RCT was undertaken to compare clozapine with chlorpromazine in patients known to be refractory to at least three antipsychotics and who in addition had failed a prospective trial of haloperidol. The results, published by Kane and colleagues in the Archives of General Psychiatry in 1988, showed a clear advantage for clozapine. 47 The response rate was 30% for those treated with clozapine but only 4% for those treated with chlorpromazine. This landmark study paved the way for clozapine to be reintroduced for treatment-resistant schizophrenia in 1990 with mandatory monitoring of the white cell count to ensure early detection of any decrease in the white cell count enabling appropriate action to be taken, including if necessary stopping clozapine treatment.
In the already discussed network meta-analysis of acute antipsychotic efficacy in multi-episode patients with schizophrenia, 6 clozapine demonstrated significantly greater efficacy for total psychopathology than all the other antipsychotics, having a large effect size (0.88). However, time effects cannot be excluded, as earlier trials showed greater effect sizes and in nonresistant patients the superiority of clozapine should be less evident. Two meta-analyses, both published in 2016, evaluated the efficacy of clozapine in treatment-resistant patients, with treatment resistance being defined with varying degrees of stringency. 48, 49 The first meta-analyses by Siskind and colleagues (21 RCTs; n = 2364 participants) found that clozapine was superior to other antipsychotics for positive symptoms in both the short and long term. 48 Clozapine was only superior for total and negative symptoms in the short term. Better outcomes were seen in nonindustry-funded studies and in patients with higher baseline symptom scores. Clozapine was associated with significantly less insomnia and dry mouth [number needed to treat (NNT) = 13 and 7, respectively], and there were no significant differences versus non-clozapine antipsychotics regarding hypotension, headache and even weight gain. However, 8 of the 13 meta-analysed adverse effects were more prevalent with clozapine with the number needed to harm (NNH) ranging from 4 for sialorrhoea to 19 for fever and nausea/vomiting.
In the second meta-analysis by Samara and colleagues, 49 no significant superiority for total symptoms was found for clozapine when pooling all trials. However, clozapine was significantly superior to first-generation antipsychotics (chlorpromazine, haloperidol), yet not versus second-generation antipsychotics (risperidone, olanzapine, ziprasidone). Methodological issues need to be considered when interpreting these results. Mean doses of clozapine in the studies that compared clozapine with a second-generation antipsychotic comparator were significantly lower than in the studies that used a first-generation antipsychotic comparator (392 versus 511 mg per day), which may have biased the results to nondifferential findings versus second-generation antipsychotics. In a prior subanalysis of studies that compared clozapine with risperidone, clozapine was only superior in studies in which the clozapine dose was greater than 400 mg/ day. 50 Moreover, it is possible that patients who were not treatment resistant were included in some of the second-generation antipsychotic comparator trials, which could have also increased the response to the non-clozapine treatments. 51 Importantly, a real-world, large, national database study from Sweden found clozapine to be the most efficacious oral antipsychotic to prevent hospitalization and treatment failure, being superior to both first-and second-generation antipsychotics. 52 A similar database study from Finland showed that clozapine was associated with a significantly lower mortality rate than other antipsychotics. 53 A further analysis using data from the clozapine systematic meta-analysis published by Siskind and colleagues, 48 reviewed above, reported the proportion of people treated with clozapine who were responders as well as the absolute and percentage change in PANSS scores. 54 Trials varied from 6 to 78 weeks in duration. Data were analysed for all time points (i.e. irrespective of trial duration), for short-term trials (⩽3 months' duration) and for long-term trials (>3 months' duration). Figure 5 summarizes the response rates by trial duration based on data from 11 trials. A weakness with the analysis is that different definitions of response were used in the individual RCTs, though all required a reduction of at least 20% BPRS/PANSS. Table 3 shows the mean reduction in PANSS and the percentage change scores in PANSS by trial duration. In summary, a substantial proportion of patients (33-40% depending on trial duration) who were nonresponders to non-clozapine antipsychotics will respond to clozapine. Although the average PANSS reduction ( Table 3 ) that is achieved is equivalent to minimally improved on the CGI scale, one has to consider that this mean score is driven downwards by up to two-thirds of patients who are nonresponders even to clozapine treatment.
In the UK, the National Institute for Health and Care Excellence recommends that clozapine is offered to patients who have not responded sufficiently to sequential use of adequate doses of at least two different antipsychotic drugs, at least one of which should be a non-clozapine second-generation antipsychotic. 55 In practice, there are usually substantial delays before eligible patients receive a trial of clozapine and rates of use vary markedly in different countries. For example, an audit conducted in a large London Mental Health Trust showed that the average delay before starting clozapine was 4 years. 56 These issues partly reflect clinicians' attitudes and knowledge about clozapine and in some countries service factors that influence the ability to initiate and monitor clozapine.
Recommendations as to the optimal duration of a trial of clozapine vary, including 2 months, 57 12-24 weeks, 58 3-6 months 59 and 6 months. 60, 61 Irrespective of the duration adopted, it should relate to treatment with a clozapine trough plasma level of at least 350-400 μg/L. 62 In practice, the duration of a clozapine trial will also need to consider the side effects of clozapine and be a joint decision made by the clinician and the patient. Nevertheless, many side effects associated with clozapine are manageable. 63 Given that there is no high-quality evidence to support any pharmacological strategy after a failed trial of clozapine monotherapy, 44, 64 and some studies which indicate a delayed response to clozapine in a proportion of patients, 33 we recommend continuing clozapine for 3-6 months before judging its effectiveness. This guidance is consistent with the recommendation in the British Association for Psychopharmacology Schizophrenia guideline. 59 Meta-analyses do not allow any augmentation strategy to be recommended in those who have shown only a partial response to clozapine. 44, 64 Correll and colleagues 44 found that none of the five meta-analysed combination strategies with clozapine were superior to clozapine monotherapy with regards to total psychopathology; and out of four, one was superior for positive symptoms. However, in the latter case the evidence was insufficient for it to be recommended. An earlier meta-analysis by Sommer and colleagues 64 of 29 studies that assessed 15 different augmentations, including adding another antipsychotic, an antidepressant, an anticonvulsant or a glutamatergic drug to clozapine, showed either negative results or positive findings that reflected an outlying or a single study. If a trial of clozapine augmentation is adopted it should be undertaken as an individual trial in that patient and if there is no evidence of improvement after an appropriate period the augmentation agent should be withdrawn. Failure to do so puts the patient at risk of additional side effects for no benefit.
Summary and conclusions
Antipsychotics revolutionized the management of schizophrenia following their introduction in the 1950s. For the first time, medications were available that effectively treated a wide range of symptoms of the illness. In addition, continuing antipsychotic treatment after effective acute treatment significantly reduces the risk of future relapse. 7 However, on average the acute efficacy of antipsychotics is modest. In a recent meta-analysis in patients with chronic schizophrenia, the effect size above and beyond that of placebo for total symptom reduction was medium, according to standard conventions. 9 Nevertheless, since clinicians see the entire effect, including that of placebo, clinical effects are large. Furthermore, even when the threshold for response was defined in terms of 'minimal improvement' (⩾20% PANSS/ BPRS reduction from baseline to endpoint), 51% of those treated with antipsychotics compared with 30% treated with placebo were responders, resulting in a favourable NNT of five. 9 Good response (⩾50% PANSS/BPRS reduction from baseline to endpoint) was lower; that is, 23% versus 14% with placebo (NNT = 8). 9 Higher cumulative response rates may be achieved in real-world practice by switching antipsychotic treatment to improve tolerability and efficacy, although the effectiveness of switching has not been adequately investigated in RCTs. Reponses rates are significantly higher in first-episode patients. 16 In the meta-analysis of multi-episode schizophrenia by Leucht and colleagues, data on quality of life were only available from 6 trials (n = 1900) and data on social functioning from 10 trials (n = 3077). 9 These are outcomes that are highly relevant to patients and more attention should be paid to them in future research. Nevertheless, the pooled sample sizes for both outcomes were sufficiently large, so that one can be confident that antipsychotics were beneficial in improving these outcomes even in the short term, albeit at only a small to medium effect size in the acute phase, but also without formal psychosocial interventions added.
The benefits of antipsychotics in terms of symptom reduction are greatest in those with the most severe symptoms, as they have more room for improvement. 21 However, more research is needed regarding what predicts remission of more than mild psychotic symptoms. Nevertheless, assuming the same dose is used, the burden of side effects from medication will be the same irrespective of illness severity. This means the tradeoff between benefit and side effects for antipsychotics is most favourable in the most severely ill and least favourable in the most mildly ill, at least when starting from an antipsychotic-free baseline. However, prevention of progression of the illness and maintenance effects also need to be considered, and multiple datasets have indicated that antipsychotic use is associated with lower mortality than no antipsychotic use in people with schizophrenia. 53, 65, 66 There is a pressing need to develop antipsychotic medications with improved efficacy and better side-effect profiles. 67 Developing medications that have mechanisms of action other than dopamine antagonism is one important direction, but to date such research programmes have proved disappointing. [68] [69] [70] The unsatisfactory results may partly reflect weaknesses in trial design, 71 including studies recruiting too broad a range of patients. Schizophrenia almost certainly involves subgroups of people with different neurotransmitter abnormalities. Thus, ideally, trials (and later clinical practice) would match medications to different underlying disease mechanisms and appropriate patient subgroups. However, this approach of stratification requires the identification of reliable genetic, neuroimaging, electrophysiological, neurochemical or other biomarkers that would predict response to specific medications. However, despite technological advances, results from such research have not yet yielded results that are applicable to drug discovery or clinical care. A related approach is to develop medications that target specific symptom domains in schizophrenia, such as cognitive dysfunction and primary negative symptoms, but such medications would need to be investigated in samples enriched for the symptom domain in question. At present, there are no approved medications to treat either cognitive impairment or negative symptoms in patients with schizophrenia.
The management of schizophrenia always requires a comprehensive individualized treatment plan that includes appropriate psychosocial support and interventions, as well as pharmacological treatment. 55, [72] [73] [74] [75] [76] While there is a major need to develop medications with improved and expanded efficacy and less side-effects, antidopaminergic antipsychotics have remained the cornerstone of treatment of people with schizophrenia since their discovery and introduction more than six decades ago.
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